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Determining the origin of methane
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“Methane is the principal hydrocarbon detected in
all stray natural gas migration incidents
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®

Exposure limit (gas phase): TLV-TWA: 1,000 ppm (ACGIH, 10/2009)
Methane (CHg) is the simplest paraffin hydrocarbon gas

Methane is generated by microbial & thermogenic processes

Flammable, colorless, odorless.
Specific gravity: o0.555 (NTP) air =1

Explosive range: 5-15% in ambient air

Solubility in water: 26-32 mg/l (1 atm.)

H  Methane

Non toxic, no ingestion hazard

Simple asphyxiant, explosion hazard

Methane can migrate as free gas or dissolved in the groundwater

DIM0289728



Delta notation

. Rsample . Hreference

5"°C

Hreference

Where R = 13C/12C,
R, eterence= VPDB (Vienna Pee Dee Belemnite)

5% = 5(13¢) = s(*c/2c) = ny(C)f ’:{ (lzfl—)/zref((ii)) et 7€)
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o A—‘—\a\\a-‘:;~ e —
~ Shale Gas
Depth (km) Temperature (°C)

Relative quantity
0 n 5 J 0

* Increasing formation Original organic
temperature leads to diagnostic chemicals
The normal sequence of carbon isotopic compositions is:
&3C methane (C1) < §3C ethane (C2) < 83C propane (C3) and < §3C butane (C4)

03C1 < 83C2 < 43(C3 and < 83C4
In the Marcellus they are fully reversed - d3C1 > 63C2 > §3C3

Also hydrogen isotopic compositions (§2H) of C1 and C2 are also reversed.

Gas gas :
window

Chang

» Uniquely identifiable when
paired with additional proxies
9 225

(e.g. noble gases) CH,

Graphite
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”Is{op; Geochemistry

 Molecular: Methane/Ethane  Easily Distinguishes:
* Biogenic vs. Thermogenic

. ISOtOpiC: Carbon and (e.g. Schoell, 1983; Coleman et al, 1991;
Hydrogen isotopes (813(:_ Baldassare and Laughrey, 1998)
CH,, *H-CH,, 83C-C,Hy) ¢ Distinguishing different
thermogenic gases
* Noble Gases (e.g. Schoell et al, 1983; Jenden et al, 1993;

Revesz et al, 2010; Tilley et al, 2010)

* What’s best for distinguishing
thermally mature gases?
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% argon

% nitrogen

Lab #:

Sample Name/Number:
Company:

Date Sampled:
Container:

Field/Site Name:
Location:
Formation/Depth:
Sampling Point:

Date Received:

Component

Carbon Monoxide --------------
Hydrogen Sulfide ---------------
[ 1=[17] | [ —————————— -

Carbon Dioxide ---------=------
Methang ----------------eeeeeeens
Ethane -------------eereememnennes
Ethylene ---------sseemcmemmecceans
Propane -----------e-eseecemeeenee
Propyleng ----—--------ceeceeeeee-
Iso-butane ---
N-butane -----

N-pentang —------------e-eeeeemv
Hexanes + -----------smseemeaaee

ATNEASISVESEIRS SRR ESDRO SR AT

235488 Job #: 17407
HWO02z
TechLaw, Inc.
1/25/2012
Dissolved Gas Bottle
A3TA

3 C fractionation

2 H fractionation

2/03/2012

Chemical §13C
mol. % %o %o %o
nd

57.06 -29.30 -160.6

-64.6 -9.66

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 590 Specific gravity, calculated: 0.736
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52H CH, (%., VSMOW)

-150-

areas” within 1 km of nearest |
gas well (Isotopic Signatures
shown based on figure S2 of

é i é Marcellus
Upper and Middle : P
~-Devoniah- gases - : __,-'

Osborn et al.,2011) ; oveﬂ}qng Marcell}ls.—-HWOS’

S '"":"}" HW,
HW:24 g
i i ’

I

HWo1

LA et

002 raductipn

s HW12 '
A A

| Water well samples

A Dissolved methane in water ’ ,
wells in “active gas-extraction fi ...

shale'gaEWo4

-

-
P e

.HW14‘E
HWo2z l
® HWoz ,';
‘5HW17 - 5

- -

E : 5 i # o .' Hwbsa ““‘:’“““‘““i
| Blogenicgasfrom ;. . i i o A

fam'nantatic@n

-70 -60 -50 -40 -30
513C CH, (%., VPDB)

-20
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ample Qualmassmg?

100

®
| ideal t ® EPA Samples
|

- o

[ab]
N o |
© o i
L 40 o aQ
£ C egassing/ :
= 3 & Frattipnation/ | |2

= O

< @® Gas Los

0 - O ®
30 4I0 5IO EilO 7ID 80

N, /Ar
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= | 25°C, 1 bar
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— Gas Well ACtiVity —! Ex. 6 - Personal Privacy
3 Baker Wells - 1,300 ft to SSE HWO4
3 Spud - Baker1 11 Aug. 2008 60
- Baker 2 11 Dec. 2009 \
b Methane isotope sample
\ plots outside Marcellus L 1000
25000 =t — Shale age zone.
gi‘--"“~-_ _\n‘
20000 F—_— i TV L = e 800
15000 Bendi__ A e, O
a1 N N ~ e
10000 y W = __ * - e T /
— T e
5000 ’ = = = —— 400
o T T T \ i s — S— b\ >|j
/ e - - S - 200
-5000 / —
-10000 o)
10-Aug-08 26-Feb-09 14-Sep-09 2-Apr-10 19-Oct-10 7-May-11 23-Nov-11
e Methane_ug | = Eh in Mv Normal range of Eh in groundwater
——> Linear (Methane_ug 1) ==3 Linear (Eh in Mv) is 200 to -100 Mv. Freshwater
streams 300 to 500 Mv.
pH
A=S T A P N = V", ¥ I P T ————
= e o SRR R _tf.";\ - w A =
6
5
4 T T T T T T
12-May-08 28-Nov-08 16-Jun-o9 2-Jan-10 21-Jul-10 6-Feb-11 25-Aug-11
Analysis_Ph_ph_Units
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HW—7 Ex. 6 - Personal Privacy - 800
16000 - N g
Gas Well Activity 7
Baker Wells - 1,300 ft to SSE
st Spud - Baker1 11 Aug. 2008 600
- Baker 2 11 Dec. 2009
= 12000 -
2 - 500
=
10000 -
v
= 400
'é 8000 A J
s - -
300
6000
200
4000 -
P st b 100
9 o
9-Sep-08 28-Mar-o09 14-Oct-09 2-May-10 18-Nov-10 6-Jun-11 23-Dec-11

e Methane_ug | =ws===Fh Mv == Manganese ug/l ~ ===» Linear (Methane ug I) === Linear (Eh Mv) e e & Linear (Manganese ug/l)

8.5

pH

8

7

75 7 e
e ——
—oo—)

12/18/2008 3/28/2009  7/6/2009 10/14/2009 1/22/2010 5/2/2010

DIM0289725

8/10/2010 11/18/2010 2/26/2011 6/6/2011 9/14/201  12/23/2011
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Ex. 6 - Personal Privacy

e ~ 450
= Gesford 2 Methane isotope sample
] plots outside Marcellus
Spud Sept. 23, 2008 Shale age zone B
25 | Stimulation Nov- Dec 2008 v ] & ’
/\ - 350
20 fﬂ - 300
| |1
| | A\ r 250
5 SR S | X
P e SR e, - 200
/ L PR \
10 ~ ey . 150
seceas .)‘/
__.-——”"_ - 100
5 - M"A{y A,':%“ ® o
0 T T T T o
29-Oct-08 17-May-09 3-Dec-09 21-Jun-10 7-Jan-11 26-Jul-11 11-Feb-12
weee Methane in mg/1 ® Mninug/l « e <3 Linear (Methane in mg/l) == Linear (Mn in ug/l)
795 p 9
605 = = o — L 8
- S e - - --- P ‘RN-----------------------') 7
a% - 6
405 1= \ r 5
305 Tt — e e . - 4
205 : : = =" N 5
i
105 F 1
5 T T T . T T o
29-Oct-08 17-May-09 3-Dec-09 21-Jun-10 7-Jan-11 26-Jul-11 u-Feb-12
sssse Bh in Mv Analysis_Ph_ph_Units === » Linear (Eh in Mv) ==& Linear (Analysis_Ph_ph_Units)
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Gas Is Gas

¢ Thermogenic gas is present
throughout the upper Devonian
formations. Drilling creates
pathways, either temporary or
permanent, that allows gas to
migrate to the shallow aquifer
near surface.

¢ This gas disrupts groundwater

DIM0289725

Shallower (non Marcellus) gas
may also include higher amounts
of H2S which can have a greater
impact on groundwater.

1,000 -°

1,500 = —

Interbedded
sandstone,
siltstone
& shale

Catskill
Sandstone

2,000

2,500

Gas shows

3,000 =

interbedded
siltstone and

3,500 :

shale

4,000

4,500 -

Gas show

5,000 -

Tully Limestone |

From Gesford 2 Well Record and Completion Report
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20,000.00 700
-Postdrill-
\ Mn 62 ug/l
18,000.00 - :{%883152'5 rang//ll I Methane isotope
7 ™8 -HW 14 sampling indicate
Fe 338 0gj1 Marcellus Shale age [ e
il sl Mn x 000G gas at this data point
16,000.00 -
- 500
14,000.00 -
Gas Well Activit
Baker Wells 1,100 ft. east
Spud - Baker1 11 Aug. 2008
12,000.00 - - Baker 2 11 Dec. 2009 Eh trend
- 400
10,000.00 - methane trend
- 300
8,000.00 -
6,000.00 L 366
-Predrill-
000.00 - o~
000 TSS <5 mg/l
TDS 149mg/1
Fe 0.03mg/1 - 100
2,000.00 - Cl 7.9mg/l
0.00 0
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HW_Z Ex. 6 - Personal Privacy

40.00 120
35.00
/ 100
30.00 Methe‘me .isot'ope 223
sampling indicate
AR / Marcellus Shale age 8o
& 25:00 « gas at this data point
E As & Mn
& 20.00 60 ug/1
= Completion Stimulation
] 12 Sept. 2008 30 Sept. 09
= 15.00
\ -
10.00 3 /
20
o / \ 12.50
1.80 330
= / L 3
o] Ge) O o) o o o NS D >
0 3 o ; S X A ; 7 ,
b3 AP » & AP g ® ¥ P v @ A rsenic ug |
Costello v 2V I Manganese_ug_|
Spud Date:  7/26/08 8/19/08
Comp Date  9/12/08 1/11/08 Note incomplete data set et g |
Stim Date  9/30 /o9 1/10/09

DIM0289725
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12000

10000

8000

o
=]
(@]

Methane in g}g/ 1
o
o
o

2000
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Ex. 6 - Personal Privacy

]0617‘ A‘IOXU‘O o |7,0’7‘009 10]7,2]"‘009 074\02'
Eh Mv s Mn ug/l
Gas Well Date Spud  Distance to HW17
Lewis 5/28/2008 670 ft.
Ely4H & 6H  3/27/2008 1,360 ft.
Costello 1 7/16/2008 1,350 ft.

Methane isotope
sampling indicate
Marcellus Shale age
gas at this data point

j20®

|20°

3o no S\ 10
o5l 71?° 2! oal2® 09! o‘)h‘o wl ol?° 1129

Methane ug/l == < Eh Trend ==—> Methane Trend

Note incomplete data set

400

350

300

250

200

150

100

50

Eh in Mv & Mn in ug/1
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Methane in mg/1

DIM0289725

HW1 -

Ex. 6 - Personal Privacy

45
40
Methane isotope
sampling indicate
B 1% Marcellus Shale age
S R gas at this data point
30 S
—~— -~ e 2
Bl
Gesford 3 spud SRS e ___,\_\— et
July 28, 2008 e e - &
B L ouspi \
——-"_’—-- ~~ —
_’__--—"‘"’-—- —~ ~J3 \
e S 1 T —_—
—————— b
]
16-Dec-08  16-Apr-og  16-Aug-o9  16-Dec-o9 16-Apr-10 16-Aug-10 16-Dec-10 16-Apr-11 16-Aug-11 16-Dec-11
@ Methane mg/l @M ELin Mv — — Methane Trend ==--- Eh Trend

HWi1 lacked data for nearly all constituents,
particularly for the years 2009-2010

500

400

300

200

100

-100

Eh in Mv
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e e A‘MWA&W‘WHW6 = i EX. 6 - Personal Privacy

Methane isotope sampling

00 70
/j/ el PR A — T indicate Marcellus Shale age
= ©s e 32 gl ze 26010 t gas at this data point
250 3 kit \ 60
200 3 ~ \
50
> 150 ¥ /\
"~ 100 | “
s ]
= 30
Gesford 3 spud
July 28, 2008 IM N \ \ ),
20
0/. L | . N7
10
-50
2 J P S R R S
-100 = 0
®» S o O ) ) o o o o & N > > »
I N o o o o N ~ ~ ~ ; ; ; ; B
N < ¢ / N / < § Y < & $ & & &
NS & L S & (© NG Q & o N N 3 %) &
q\ q,o O)X qu Q\ q,O Q\ O,XV S o S S <] S q\
mmm Eh in Mv ==@=Methane mg/| == Arsenic ug/l
1
9 o |V N\, f"\/\ N~
N Eng
7
9-Jul-08 9-Jan-o9 9-Jul-o9 9-Jan-10 9-Jul-10 9-Jan-11 9-Jul-uu 9-Jan-12
DIM0289725

As 10x ug/l

Methane mg/l
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— —— —— == T HW6 — | Ex6- Personal Privacy

300 J_—= ; ———— — 70
= Graph Cautions:
250 #——— Data was selected on basis of the most representative of well conditions . Due to incomplete data =
description, in some cases data may not be representative of the well or the data was not plotted. %
Sl Due to this uncertainty, trend may differ with different data use. ;
I T o 2
>
S 150 §
= | ‘; e
L 100 ¥ - e —— %.O
=
30 ]
50 # §
:E —
20 ~
v
o # T T T T T T T ol
=
-50 # R 10
-100 [e]
9-Jul-08 9-Jan-09 9-Jul-o9 9-Jan-10 9-Jul-10 9-Jan-u1 9-Jul-u 9-Jan-12
78 Eh in Mv + Methane mg/1 ~— Arsenic ug/I =» Linear (Eh in Mv) ) Power (Methane mg/1)
11
7 / o
5 T T T T T T T
9-Jul-08 9-Jan-o9 9-Jul-o9 9-Jan-10 9-Jul-10 9-Jan-11 9-Jul-uu 9-Jan-12
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HW47 = iEx.6- Personal Frivacy;
i
i

8000

Post 1

Methane in mg/1

\ Nov. 11, 2010 r 150
6000

- 100
4000 - I =S —————————

L 50 &= Arsenic ug/l

18000 400
16000 . - 350
No isotope
sample collected
14000
I t F 300
—
&
12000 L
- 250 z £
5 S =
R
10000 =g
L 200 M 2

2000
=@=Methane ug/l
=9=Fh in Mv
o T T T T T T T T 0
o o ) 0 3 \ N \. 2 9
Xo\xbc\"‘oog ‘\n\"ox 5\7»\7‘0‘ %\wh‘o& \\\x‘b\%ox 7‘\7,6\7‘0X 6\6\7‘0‘ g\xb(\"o \ﬂq@\’*ox A(\x\’*o\ q\‘o\lox

When no data is plotted,
no data was available.
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